Management Services: A Magazine of Planning, Systems, and
Controls
Volume 2

Number 1

Article 7

1-1965

Operations Research -- The Basics
E. Leonard Arnoff
M. J. Netzorg

Follow this and additional works at: https://egrove.olemiss.edu/mgmtservices
Part of the Accounting Commons

Recommended Citation
Arnoff, E. Leonard and Netzorg, M. J. (1965) "Operations Research -- The Basics," Management Services:
A Magazine of Planning, Systems, and Controls: Vol. 2: No. 1, Article 7.
Available at: https://egrove.olemiss.edu/mgmtservices/vol2/iss1/7

This Article is brought to you for free and open access by eGrove. It has been accepted for inclusion in
Management Services: A Magazine of Planning, Systems, and Controls by an authorized editor of eGrove. For more
information, please contact egrove@olemiss.edu.

Arnoff and Netzorg: Operations Research -- The Basics

An Orientation Article—

When properly understood and applied, this warborn technique can give the decision maker a scien
tific basis for solving problems involving the inter
action of functional units of his organization—

OPERATIONS RESEARCH-THE BASICS
by E. Leonard Arnoff
and M. J. Netzorg
Ernst & Ernst

is a cliché that the problems
structure, characteristics, functions,
and relationships of an organiza
confronting business decision
makers today are more complex in tion. Such study is intended to pro
vide the executive with a sound,
nature and more far-reaching in
scientific, and quantitative basis for
scope than ever before. Fortunate
decision making.
ly, new methods, techniques, and
Operations research is based on
tools are also making decision mak
the fact that in economic systems,
ing easier—for the executive who is
just as in the physical world, there
able and willing to use them.
is a great deal of orderliness, even
One of the most important of
where this is not readily apparent.
these new techniques is operations
Thus, OR is concerned with deter
research. For orientation
busi
mining (1) how a system behaves
nessmen and consultants who have
under a wide range of conditions,
not yet had personal experience
(2) the relationships which explain
with its use, this article describes
why the system behaves in this
operations research—what it is,
manner and, finally, (3) the manner
where it originated, how it is used
and timing through which this be
in problem solving, and where it
havior should be changed so as to
has been applied in industry.
best achieve the organization’s
goals.
What operations research is
Operations research is concerned
Operations research (commonly
with the relationships of the activity
referred to as OR) is the systematic,
under study to all other pertinent
method-oriented study of the basic
elements of the system. It is
t

I

42
Published by eGrove, 1965


concerned with evaluation of the
host of possible alternative courses
of action open to the decision
maker.
The roots of operations research
are as old as science and the man
agement function. OR uses tech
niques adapted from many fields,
such as physics, psychology, indus
trial engineering, and—most par
ticularly—symbolic logic, mathemat
ics, probability, and statistics. In ad
dition, new methods, techniques,
and tools have been developed or
adapted specifically for OR-type
problems. Many of these develop
ments are of recent origin—within
the past five to ten years—so that
one can now solve scientifically a
host of important problems that
were heretofore handled on a judg
mental basis.
The capabilities, flexibility, speed,
and scope usefulness of electronic
computers have aided in the growth
Management Services
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A policy most favorable to one unit is rarely most favorable to others.

of operations research. They have
made possible the study and solu
tion of problems
a complexity
that was previously beyond the
time limits that confront any feas
ible number of individuals, no mat
ter how competent. Some operations
research techniques require the use
of computers, but in a number of
areas highly effective work can be
accomplished with little or no use
computer time. Under no circum
stances is the computer a substitute
for intelligence, thought, business
imagination, and acumen.
The results of successful opera
tions research, for the decision
maker, are these:
1. Assistance in substantially im
proving the operations under his
control and better achieving the
goals
the organization
2. Increased knowledge and in
sight into the basic facts, character
istics, and relationships of the busi
ness
3. More effective, more respon
sive, and broader control
4. Better, more timely, and more
quantitative information

5. A reduction of the time and
effort required for routine decisions
(“management by exception”)
6. More time for planning and
managing.
OR-type problems

Operations research has become
increasingly useful to management,
especially for solving those prob
lems which affect more than
functional unit (division, depart
ment, section, etc.) within a firm.
Such problems involve
of
interests, where a policy most favor
able to one unit is rarely most favor
able to the others. These
interest must be resolved to de
termine those policies and decisions
that will maximize the effectiveness
of the organization
a whole.
These problems have been called
“executive-type” problems. They
have arisen as a direct consequence
of the functional division of labor
in business enterprises — brought
about by the rapid growth, diversi
fication, and decentralization of in
dustry. With the increased segmen
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tation of the management function
came increased attention
applied
scientists
problems generated in
the various functional units. From
their efforts emerged a number
branches applied science—includ
ing chemical, industrial, and me
chanical engineering; industrial psy
chology; statistical quality control;
industrial economics; and others. As
each functional unit developed and
better achieved its own objectives,
executive-type problems increased
in frequency and importance.
The solution of executive-type
problems demands a highly refined
balance of departmental objectives
and over-all corporate objectives.
Operations research is devoted to
the solution of executive-type prob
lems—to provide management with
a scientific basis for solving prob
lems involving the interaction of
functional units of the organization
in terms of the best interest of the
total organization.
To illustrate an executive-type
problem, consider briefly some of
the objectives and conflicts involved
the inventory decisions of a firm:

43
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OR is valuable in resolving conflicts of interest.

Manufacturing seeks to minimize
the unit costs of production (in
cluding set-up costs); hence, it
favors long, uninterrupted produc
tion runs. This would result in large
inventories tocomposed of relatively
few products.
Personnel is also interested in in
ventories. It wishes to stabilize
labor and minimize the costs of hir
ing and
as well as employee
discontent. This can be achieved by
producing finished inventory dur
ing times of slack customer de
mand.

Sales seeks
give outstanding
service
customers and, hence,
wishes to maintain a large inven
tory
a wide variety
products
readily accessible in many loca
tions. Further, it wishes manufac
turing to be flexible and able to fill
special orders on short notice.
Finance generally seeks to mini
mize the capital tied up in inven
tory and, hence, wishes a high rate
inventory turnover, that is,
inventory levels.
Other departments are
seri
ously affected by the production
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and inventory plan that is selected.
These objectives are, of course,
in conflict with each other. The
problem here is to determine the
inventory policy which is best for
the organization as a whole. Almost
every managerial position is af
fected by the operating plan that
is chosen and how well it is ex
ecuted. However, because of the
diverse objectives, and especially
because
the conflicts among the
objectives, choosing a plan is a con
troversial executive problem. Where
the decision is made through nego
tiation and depends on the relative
powers
persuasiveness of the in
dividual departmental or divisional
executives concerned, the outcome
can easily be a plan of action that is
far afield from what would best
serve the company’s over-all in
terest.
It is under such circumstances
that operations research is
high
est value. It is a highly useful means
by which to clarify and simplify de
cision making in the face of busi
ness uncertainties and risks, such as
incomplete knowledge of future
sales volumes and of the plans of

Management Services
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competitors; in the face of a mul
tiplicity of alternative courses of ac
tion; and in the face
conflicts of
interest within the company.
Another type of situation where
operations research is highly useful
is under conditions where conflict
of interest may be secondary in im
portance but where there are a
great number of factors to be con
sidered, highly complex interac
tions, and a sheer bulk of data.
Since operations research is a
relatively new discipline, let us dis
cuss its origin and development and
how it works—and give a brief de
scription
a few
the hundreds
of decision areas in which it has
been successfully applied.

such groups in the British armed
services and in all branches
the
United States military organization.
Today, a substantial number of
operations researchers are engaged
in military operations research.
Immediately after World War II
the methods and techniques so suc
cessfully applied by the military
were adapted to business and
industry. Further developments,
many them along new lines, have
been successful. It is this rapid
ly increasing body of knowledgemethodology, techniques, and spe
cial analytic approaches—that gives
strength to operations research as it
exists today.
How OR works

Origin of operations research

Operations research’s develop
ment began in the United Kingdom
in 1939 when a group of scientists
was assigned to the Operational
Staff in Britain’s military organiza
This group
scientists in
cluded physicists, psychologists, en
gineers, mathematicians, and oth
The group was divided into
teams to study large-scale military
problems. The inclusion of several
disciplines on a team was found
lead
gratifying results in that the
interplay among the scientists often
yielded new and successful ap
proaches to complicated problems.
Outstanding contributions to the
war effort included the effective use
of radar, the allocation
British
Air Force planes to missions, and
the determination of the best pat
terns to be used in searching for
submarines.
The dramatic success of these first
efforts led to the formation of more

Operations research, like all
scientific research, is based on scien
tific methodology, which proceeds
along the following lines:
1. Analysis of the system— de
termine the objectives of the study
and the specifications, form, and
characteristics of the solution to the
problem. Before this can be done,
there must be a good, unbiased
working knowledge of the existing
system. (This is materially assisted
through flow charting the relevant
parts
the business under study).
Basic to this stage is identification
decision points, plus determina
tion
relevant factors and the ex
tent to which they are subject
control. The eventual solution, ac
cordingly, is conditioned by restric
tions as to what must be done and
what must not be done, as well as
by consideration
limiting values
and expressions
management
policies.
It is at this stage that the gen

eral approach is established and the
problem is formulated and often
partitioned into interconnected sub
problems. It is at this stage that
broad appraisal is made as to both
the cost and the pay-off value of a
successful study and estimates are
made of the required time and ef
fort. This, combined with an ap
praisal of the difficulty of the study
and the probability of its success,
determines whether it is worth
while (feasible) to undertake an
operations research study—and, if
so, in what scope and depth.
This first stage,
described
above, is commonly referred to as
an orientation-feasibility study. An
important product
the orienta
tion-feasibility study is a detailed
research plan which sets forth the
one or more phases of the study in
such a manner that, phase by phase,
results can be implemented and
benefits achieved without awaiting
the completion of the full study.
2. Construction of a representa
tion of the system—a “model”—that
has sufficient likeness to the real
situation so that the model, rather
than the system, can be munipu
lated meaningfully. The formal
model is usually a mathematical
representation of the system under
study, designed in such a way as
facilitate the most effective
evaluation of the influence of the
various factors that affect the deci
sions.
3. Testing the model. The model
must reflect those (and only those)
real world conditions that are perti
nent to problem solution. Collection
and analysis of pertinent data then
lead to appropriate modification
and refinement of the model.
4. Solving the model. The model

OR had its origin in the addition of scientists to military planning groups.
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is then solved; that is, for any given
set of conditions within stated poli
cies and restrictions, the model is
used to establish recommended
courses of action. The analyst also
 or
calculates the effect of relaxing
tightening restrictions or
chang
ing one or more policies.
5. Controlling the model and solu
tion. At this point, controls must
be established to indicate the limits
within which the model and its so
lution can be considered as suffi
ciently reliable and to indicate
under what future conditions and in
what manner either the model or
solution will have to be modified.
6. Implementing results. Finally,
when the research is at an appropri
ate stage of progress, steps must be
taken to put its findings to work.
The use of a model is common
place; for instance, every factory
schedule is a model. The account
ing system of a firm is also a model,
and often a very complex one. The
power of operations research mod
el building is that it is able to en
compass a multitude of factors and
a multitude of yardsticks and,
hence, to resolve highly complex
problems. A schedule is a model
whose primary yardstick is time,
with money important but secon
dary. An accounting system turns
all the variables to money values,
so that all other variables play a
secondary role. The operations re
search approach typically involves
a delicate weighting and balancing
along interlocking measurement
scales.
The use an operations research
model is especially important and
advantageous in that it permits ex
perimentation “on paper,” without
manipulation of the actual system.
In using the model, one can assess
the sensitivity (response) of the sys
tem to a wide variety of conditions
—without requiring either the time,
expense, or risks associated with ex
perimenting with the system itself
(if such experimentation would, in
fact, be possible and meaningful).
The appropriate transition from one
set of conditions to another set of
conditions can also be determined.
Hidden relationships can be
46
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brought to light and brought to
bear upon decisions and control
activity. Accordingly, operations re
search is particularly advantageous
in dynamic (changing) situations.
The operations research approach
to a problem gives consideration to
the practical solution, as contrasted
to the purely mathematical, or
theoretical, solution. Analyses are
performed to determine when fur
ther research or refinement will be
more costly than the potential sav
ings. Alternative solutions, indicat
ing the cost of deviations from the
computed optimal solution, are also
derived and presented to manage
ment, thus giving management a
better basis for selecting from
among a group of alternative
courses of action.
The use of operations research
assures a sufficiently complete solu
tion to a problem rather than a
“patchwork” solution. The tendency
in industry and business today is
to be in a continual state of fire
fighting, treating the symptoms of
problems rather than the true
causes. Furthermore, the best solu
tion for a particular component of
a system when studied in isolation
may be quite different from the
lution when the over-all system is
studied. For example, the stockage
policies at a group of warehouses
will generally be different when
each warehouse is considered in
dividually than when the total ware
housing system is considered.
Since operations research is fre
quently involved in research, as con
trasted to the application of pre
viously developed techniques, there
always exists the possibility of not
being able to arrive at a full solu
tion. However, the methodology of
operations research provides an ap
proach to problem solution that
maximizes the probability of suc
cess in accomplishing the research
objectives.
In summary, operations research,
when applied to suitable problems
by competent practitioners, leads
to proper solution of problems—
problems that could not be so clear
ly and decisively understood, stated,
or handled by any other means.

Operations research has been ap
plied in virtually every kind of busi
ness and industry. Among others,
it has been used extensively in the
petroleum, paper, chemical, metal
processing, aircraft, rubber, trans
port and distribution, mining, and
textile industries. Operations re
search has been very successful in
aiding executives in solving prob
lems in such areas as these:
PRODUCTION

Planning and scheduling
Purchasing—materials and sup
plies
Raw material and in-process
inventory management
Make or buy decisions
Allocation of fixed facilities and
manpower
Equipment and materials utili
zation
Maintenance and replacement
of equipment and facilities
Waiting lines (bottlenecks)
Plant location
MARKETING AND DISTRIBUTION

Allocation of sales effort
Salesmen’s compensation plans
Allocation of advertising dol
lars
Evaluation of advertising ef
fectiveness
Product mix
Finished goods inventory man
agement
Pricing and bidding strategy
Forecasting (demand, supply,
price)
Warehouse location
Centralization vs. decentraliza
tion
Transportation
Warranty
Customer service
INVESTMENT AND FINANCE

Facilities planning
Selection of process and equip
ment
Replacement policy
Diversification and acquisition
Budgeting
Portfolio selection
Sampling in accounting
Financial planning and control
Financial forecasting
Management Services 5
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and skills were then allocated so
procedures were developed tor both
as to determine an over-all research
day-to-day operation and longOrganization structure
range planning.
program with greatest profit poten
Centralization vs. decentraliza
tial.
tion
Production planning and labor
Communication
stabilization—in the rubber indus
Maintenance and replacement
Long-range planning
try. In an industry where demand
program—
a trucking company.
Organization
problem-solv
is highly seasonal, factory produc
The study determined the optimum
ing groups
tion rates and manpower levels
preventive maintenance and re
Stockholder control
were determined so as to minimize
placement program. The structure
OTHERS
the sum
the costs of (1) hiring
of the system was analyzed for a
and
layoff
personnel,
(2)
carry
variety
of basic alternative policies.
Evaluation of problem-solving
ing
inventory,
and
(3)
overtime.
Included
in the analyses were the
groups
costs
maintenance
and road fail
Research and development ex
Planning
and
scheduling
of
ma
ures.
penditure
terials, processes, manpower, and
Design of experiments
facilities
—in a refinery complex. A
Group replacement vs. individual
Urban planning and area rede
method
was
developed
for
deter
replacement
—of light bulbs
velopment
mining
the
selection
and
use
re
manufacturing
companies and mu
Various uses
sampling
sources
so
as
to
maximize
profit.
nicipalities.
For
items that do not
Credit analysis (e.g., credit
Price-volume
relationships
were
an
deteriorate
with
age
or with use but
card accounts)
alyzed,
and
optimum
product
which
ultimately
fail,
the determi
Benefit plans—executives and
were
established
for
market
plan
nation
is
made
whether
or not to
employees
ning.
(This
is
an
extension
opti
replace
in
a
group
and,
if
so, when
Decision-oriented management
mum
blending
procedures
for
gaso
to
do
so.
This
problem
arises
since
information systems
lines, middle distillates, and heavy
the cost per unit for group replace
fuel oils.)
ment (before failure) is less than
The following brief descriptions
the cost per unit for individual re
give further indication of the im
The
selection
and
scheduling
of
placement (after failure).
mense range of problems and situa
research
and
development
projects
—
tions where operations research has
in the pharmaceutical industry. The
The maintenance of mechanical
been successfully applied. While
estimated
pay-off,
cost,
effort,
and
equipment
—for large, world-wide
reference is made to studies in spe
likelihood
success
were
deter
governmental
agencies. These
cific industries, the problems in
mined
for
each
potential
research
studies
were
concerned
with the op
volved often have basic underlying
project.
Available
funds,
manpower,
timum
number
and
location of
structures that conform to general
ORGANIZATION

types. So the solutions that were
obtained could be paralleled in
many industries, with those modifi
cations required take full account
the individuality that gives truth
the saying . . . “but my business
is different.”
The design, development, and im
plementation of an optimal produc
tion and inventory management
system—in a machine-tool company.
This application covered the plan
ning and control of the ordering;
scheduling; sequencing; dispatch
ing; machine loading; warehousing;
assembly; and raw, in-process, and
finished goods inventory functions.
Included also were analyses and ap
propriate changes in data collection,
generation, and processing (com
puters and decision-oriented man
agement information systems) and
in forecasting. Decision rules and

January-February, 1965
https://egrove.olemiss.edu/mgmtservices/vol2/iss1/7
 







Analysis is aided by flow charting the parts of the business studied.
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Group replacement before failure of items that deteriorate was
found to be cheaper than individual replacement after failure.

maintenance shops, personnel re
quirements, stockage policies at de
pots and in the
and the ques
tion of assembly vs. component part
replacement.
The determination of optimum re
serve generating capacity—in the
electric utility industry.
analysis
was made of shortage policies,
maintenance programs, customer
demand, and interconnections—
determine when to add generators
and
what size. A major task here
was the determination of the prob
abilities of equipment breakdown
(forced outages) for the total sys
to
tem.

The determination of warehouse
dock facilities—for a department
store. Variations in the number and
time
daily truck arrivals, the ser
vicing times (loading and/or un
loading ), restrictions on the parking
facilities, and customer and com
pany truck waiting times were
taken into account in determining
the dock requirements for a ware
house which was to replace three
existing warehouses.
The determination of facility re

quirements (cranes, docks, etc.)
accommodate the expected volumes
and mixes of
and coal received
at a port. Factors considered in
cluded (1) the characteristics of
ships arriving at the docks, (2) the
effects of these characteristics on
unloading rates and dock space, (3)
limitations on the number
ships
that can wait in the harbor, and (4)
the cost associated with ships de
layed in unloading due to insuffi
cient facilities versus (5) the cost of
idle unloading facilities.

Establishing, monitoring, and up
dating master plans for urban re
newal and city planning. This re
quires integrated analyses of growth
patterns (population and industry);
the resulting effects on city income;
and the sociological implications of
various housing, recreational, office,
and transportation systems.

The allocation of salesman effort
—for a light-bulb manufacturer.
This study involved determining the
number
salesmen needed,
territory boundaries, and the num
ber of sales calls to make on each
type
dealer so as to maximize the
total profitability
the sales effort.

The establishment of an optimal
distribution system—for a bulk
chemical producer. Optimum prod
uct mix, product reorder levels and
order quantities, number and loca
tion of warehouses, the assignment
customers to warehouses, and the
assignment of warehouse facilities
to production plants were deter
mined. Storage, transportation, and
production costs, as well as cus
tomer service levels, were consid
ered.
The selection of coal for coke
plants. The objective of this study
was to minimize the total cost of a
given amount of coke. The costs of
transportation, mining, and conver
(coal to coke) were included,
along with consideration of the
availability of coal at each mine and
the capacity at each coke plant.

Planning for seasonal retail sales.
Sales patterns for numerous prod
ucts—sold by approximately 10,000
dealers with different geographical
locations, types of stores, and
volumes—had to be considered
developing a sampling plan for esti
mating end-user purchases. The re
sults were then used to develop pro

Technique can be used to determine dock requirements at a warehouse.
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Study on size and frequency of stewardesses' classes expanded into
eventual analysis of flight assignments to each base in airline system.

duction, distribution, and marketing
programs
a highly seasonal busi
ness.

The determination of an optimal

warranty system—for a durable
goods manufacturer. This study in
cluded the evaluation and change
settlement policies; where and by
whom the claims should be settled;
optimum product quality level; and
how product problems can be
quickly detected, evaluated, and
corrected.
The development of bidding
strategies for obtaining leases for oil
exploration. Included in this study
were the development of a predic
tor of future production for a given
lease and an analysis of the rela
tionship between the amount bid
and the likelihood of obtaining the
lease for that bid.
The OR approach

Great care must be taken to as
sure that the right problem is being
formulated and then solved—in its
proper scope. As noted earlier, the
use of an operations research model
is especially advantageous here, in
asmuch as it permits assessing the
response, or sensitivity,
the sys
tem to a wide variety of conditions.
In particular, it enables the analyst
to determine the sensitivity
the
solution
individual factors and,

in turn, to determine the impor
tance
such factors in obtaining
still further improvements in the
system.
A study conducted for an airline
illustrates the operations research
approach in assuring a complete,
yet practical, solution:
A commercial airline sought to
determine (1) how frequently it
should conduct classes for the train
ing
stewardesses, and (2) the
size that these classes should be.
This rather limited problem was
formulated precisely, and a decision
rule was obtained for administering
the school so as
minimize the
sum
the costs involved.
In the course
solving the prob
lem, the operations research team
discovered that the effectiveness
with which the school was operated
was very sensitive to the number
stewardesses required by the air
line. Consequently, an investigation
was undertaken as to how these
requirements were determined at
each base and, hence, for the total
system.
This led, in turn, to the develop
ment
a procedure for minimizing
the number of stewardesses (in
cluding reserve stewardesses) re
quired at each base. This step re
quired developing (1) new pro
cedures for the preparation of in
dividual flying assignments (“bids,”
prepared monthly) and (2) new
provisions for “makeup” flying
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whenever flying assignments were
missed (due to cancelled flights,
etc.).
However, this investigation re
vealed that a base’s requirements
for staffing were sensitive to the as
signment of flights to that base and
that the total system’s staffing re
quirements were sensitive to the
number and location
bases and
the assignment of flights to each of
them.
A study was therefore undertaken
to determine (1) how many bases
there should be, (2) where the
bases should be located, and (3)
how the flights should be assigned
each base in order to yield the
best possible performance of the
total system.
However, since flights could not
be assigned to bases without con
sidering the male crews (the male
crews and stewardesses
the
same monthly “bids”), the study
was finally generalized to consider
the total crew.
Once each of these aspects of
the system’s operations had been
analyzed, the results of the several
phases were synthesized and over
all planning procedures for train
ing and utilization of personnel
were developed.
Further studies of utilization of
aircraft, maintenance policies, etc.,
were also suggested by the study,
because relationships which were
revealed. These studies were sub49
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Results have ranged from limited success to the highest profitability. . . .

sequently undertaken. In addition,
the study and its corresponding
model put the company on a better
basis for conducting its negotia
tions with the flight personnel
unions, inasmuch as the implica
tions of new contract terms could
be determined in advance.
In this example, the “symptoms”
were not indicative of the true
problem; it was the over-all ap
proach that eventually indicated the
total problem that had to be solved.
However, the intermediate steps
were so conducted that the solu
tion was optimized each time, sub
ject to the constraints imposed by
the rest of the system.
It is important to note that the
benefits obtained from solving the
over-all problem were substantially
greater than those that would have
been obtained by solving the limit
ed problem originally stated.
Organizing for an OR study

For each specific project, an OR
task force should be formed consist
ing of qualified operations research
ers as well as personnel directly in
volved with the subject area under
study. These latter personnel will
supply necessary technical know
how and experience, will assist in
collecting and generating data, and
will also assist in working out the
details of implementation.
The joint task force should, in
turn, report to a steering committee
consisting of the managers (or rep
resentatives) of those functions
the company most vitally connected
with, and affected by, the study.
The steering committee should usu
ally consist of three to five mem
bers, although at times it is desir
able to have additional representa
tion The task force should meet
regularly with the steering commit
tee, approximately two to four
times per month, and with individ
ual members of the committee even
more frequently.
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In turn, the task force and the
steering committee should meet
with a top management committee
—typically every six to ten weeks.
Ordinarily, the top management
committee for the OR study is a
regularly functioning committee al
ready in existence. This committee
is usually a fairly large one includ
ing representation from each and
every major function of the com
pany. In many instances, members
of the steering committee are also
regular members
the top man
agement committee.
In some instances the nature and
scope of the problem,
related to
the company structure, are such
that only a single management com
mittee is needed, usually consisting
of three to ten members.
The use of the operations re
search task force, a steering commit
tee, and a top management commit
tee yields many important benefits—
so important, in fact, that it is safe
to assert that an operations research
study will seldom be effective un
less such committees are used. With
proper use of the committees, the
benefits include the following:
1. These committees serve as
ters for the research, help prevent
errors of both commission and omis
provide additional know-how,
and generally guide the team dur
ing the study, thereby increasing the
chances of success. (In particular,
interactions among functions are
uncovered where they might other
wise be missed.)
2. Since the committees represent
the areas affected by and involved
in the study, the OR team is not put
in the position of an outsider (e.g.,
staff) trying to tell others (e.g., op
erating personnel) what to do. Ev
eryone has a sense of participation
and contribution and also a much
better opportunity for discussion
and, hence, understanding, thereby
increasing chances for acceptance
and successful implementation. Fur
thermore, implementation can then

be carried out more readily and
quickly.
3. Several levels of management
and operating personnel are there
by educated in the nature of oper
ations research, making them more
aware
its potentialities and its
limitations.
The success of operations re
search in any company often de
pends as much on management as
it does on the operations research
staff. Hence, wherever possible, the
informal discussions on operations
research at the committee meetings
should be supplemented by a series
of formal sessions on OR—designed
to develop a better understanding
by management. Such sessions have
been conducted—with great success
—in a large number of companies.
4. Further OR projects will usual
ly be suggested by these commit
tees, thereby inducing a better ac
ceptance of and environment for
operations research at all levels of
the company.
Words of caution

Whenever operations research is
mentioned, executives are likely to
express some bewilderment over the
fact that results have ranged all the
way from limited success to the
highest usefulness and profitability.
So far, this article has discussed
the steps, the procedures, the atti
tudes, the probings, and the meth
odology—which are a minimal basis
upon which to build toward success.
In
doing, the positive side has
been accentuated. However, there
is also a need to point out the nega
tive side. Certain common traps and
pitfalls can easily be, and have
been, the ruination of otherwise
good work. Some of these pitfalls
are fairly obvious, while others are
so subtle and deeply hidden that
unless careful heed is taken their
presence is not even suspected.
At the very outset of problem
solving—the problem selection and
Management Services9
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formulation phase—a number of pit
falls can and do arise. Here, the ex
ecutive and the operations research
er have the joint task of selecting
the right problem and of defining it
completely and accurately. Is the
right problem being solved? Is the
problem being considered in its
proper scope, or will the gains be
localized and at the expense of oth
er parts of the organization (“sub
optimization”)? Will the solution
pertain to the actual system under
study and properly reflect the goals
of the organization
well as the
imposed restrictions? Are appropri
ate measures of performance being
used? The problem formulation
phase is probably the most impor
tant and most difficult part of the
entire study. Deliberate and skillful
planning is especially required here.
Data gathering can represent a
very large part of the time and cost
of an operations research study.
Hence, an early analysis of the sen
sitivity of the solution to the input
data should always be made, since
it will save gathering unneeded data
and will often indicate the areas in
which measurement and control
(and, hence, better data) are most
important. Fortunately, a system
reasonably close to optimum usually
gives excellent results. Hence,
rough, order-of-magnitude esti
mates will often give considerable
insight into system behavior and re
sults.
Solving the problem also contains
some potential dangers. Not the
least of these is over-concern with
the elegance of the solution, which
can lead to an elaborate and correct
answer that may be too late or too
complex to be used. It also can lead
to “over-optimization,” that is, at
tempting to obtain the last few per
centage points of improvement by a
detailed and expensive analysis. A
less complicated model will often
yield most of the potential gain, at
considerably less cost and with
much greater likelihood of success;
in fact, the cost of any further gain
may well exceed the gain itself.
Other pitfalls in problem solving
include (1) taking a “cookbook”
approach when a custom design is

Pitfalls include "cookbook" approach
when a custom design is required.

needed (as, for example, precipi
tous use of standard lot-size formu
las), (2) warping the problem to
an available model, technique, or
tool, (3) substituting high-speed,
brute force computer groping for
sound analysis, (4) failing to test
the model and the solution ade
quately prior to implementation,
and (5) failing to establish proper
controls on the results.
Estimating benefits from system
improvements requires a word of
caution, in that theoretical benefits
are usually not completely achieved
and potentials must be discounted
in order to give realistic, practical
expectations of accomplishments.
The disappointment of not fully
achieving a potential gain can over
shadow the benefits that are actual
ly attained, even when such benefits
are sizable.
number of operations research
studies have not realized great po
tential because the results were not
fully accepted. Many of these
studies were technically sound, but
the operations researcher failed to
communicate properly with man
agement. It is the operations re
searcher’s responsibility to translate
his highly specialized and technical
thoughts, concepts, and ideas into
the realm of experience of the
ecutive and into the language of the
business and to translate complex
solutions and formulas into tools
and procedures that can be readily
used. Further, it is essential that the
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operations researcher determine and
develop the procedures necessary
for smooth transition from the orig
inal system to the new system.
One further word of clarification
is that, in fact, a truly optimum so
lution is never achieved. Rather,
what is called an optimum solution
is such only for the problem as spe
cifically stated, the area covered,
and the conditions that existed at
that point in time. However, the
fact that a solution may not be truly
optimum does not mean that sub
stantial gains cannot be achieved.
Finally, what may appear to be a
pitfall is the fact that a good oper
ations research study may raise
more questions than it answers.
However, this can lead to a more
penetrating inquiry into the opera
tion of the system and what it is in
tended to do—with the ultimate re
sult of greater insight into the sys
tem and even more far-reaching
benefits and improvements. This in
quiring aspect of operations re
search is one of its strongest at
tributes.

DOS AND DON'TS
OF OPERATIONS RESEARCH
In problem selection and formulation:
Do solve the right problem.
Do consider the problem in its
proper scope.
Do use appropriate measures of
performance.
Do develop a solution pertaining
to the actual system under
study.
Do develop a solution properly
reflecting the goals of the or
ganization.

In

the problem:
Don't be over-concerned with the
elegance of the solution.
Don't over-optimize.
Don't settle for a standard ap
proach if a custom
is
needed.
Don't warp the problem to fit an
available model, technique, or
tool.
Don't substitute high-speed com
puter groping for sound analy
sis.
Don't fail to test the model and
solution adequately before im
plementation.
Don't fail to establish proper con
trols.
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